In this paper I find strong evidence that aggregate order flow in the U.S. equity and Treasury markets can help to explain returns in the other market, even after controlling for own-market order flow. The direction and magnitude of the cross-market order flow-return relation varies through time, and is related to a measure of equity market uncertainty. The results indicate that trading activity in one market can aggregate information about economy-wide factors that is relevant for valuing securities in another market.
Introduction
Within a single market, it is well known that order flow may convey information about the value of a specific asset. For example, a buy order in a specific stock may lead market participants to revise upward their beliefs concerning the value of the stock. The same holds true in the Treasury market, although possibly for different reasons. Little attention has been paid, however, to the information content of order flow across markets.
The linkages between the stock and bond markets are very strong, since many investors follow strategies in which they adjust their allocations to bonds and stocks through time. In addition, as the quote above makes clear, institutional traders in one market often closely watch trading activity in the other market. These links point to one question that has not been addressed to this point in the stock-bond literature: does order flow in one market convey information about asset values in the other market? In this paper I investigate whether equity market order flow conveys information about bond market returns, as well as whether bond market order flow conveys information about equity market returns.
There is a large body of theoretical and empirical literature proving that the information in stock trades leads to price changes in the equity market. 1 The existence in the 1 See Bagehot (1971) , Kraus and Stoll (1972) , Kyle (1985) , Easley and O'Hara (1987) , Hasbrouck (1991), etc. market of private information about future cash flows leads to the informativeness of trades in individual stocks. In the Treasury market, however, it is clear that no individual or institution has better information concerning the (nominal) payoff of a riskless bond. Yet Brandt and Kavajecz (2004) , Green (2004) , and Fleming (2001) all show that, as in the equity market, order flow does explain returns in the Treasury market at various intervals.
Why should order flow be informative about the value of a security when it contains no information about the terminal payoff of the security? The key is in expanding one' s definition of private information beyond simply knowledge of future cash flows to include any information that is not known by all participants in the market. For example, information about an investor' s attributes and beliefs is revealed through his trading strategy.
As this information is not publicly known prior to his trade, it falls within this expanded definition of private information. When trading is aggregated across all market participants, this trading activity reveals important information concerning the investor population in general. Evans and Lyons (2002a) show in a simultaneous trade model of interdealer foreign exchange trading that shifts in market-wide demand for currencies due to changing risk preferences or endowments can lead to changes in exchange rates; thus, order flow in the currency market can explain returns even though there is no asymmetric information concerning the "payoffs" of individual currencies. 2 Lyons (2001) provides a simple example that gives intuition for why this is the case. Consider a two period trading model, in which trading takes place at time 0 and time 1, and the liquidation value of the security is realized at time two. The prices at which trading occurs are P 0 and P 1 , and the liquidation value is V.
2 Saar (2001) also builds a sequential trade model that produces similar implications in terms of the information content of order flow.
Thus the value at time 1 is P 1 = E(V)/(1+d), where d is the 1 period discount rate. The normal view of private information concerns information about V, which is clearly relevant for the prices P 0 and P 1 since it affects the E(V) term. However, there may also be information that does not concern V, but that is still relevant in determining P 0 and P 1 . For example, order flow may reveal information about the aggregate risk preferences and endowments of traders in the economy. Since these are important in determining discount rates, they are also useful in determining the interim prices P 0 and P 1 .
Once one expands the concept of private information in order flow to include that described in the paragraph above, there is reason to believe that order flow in one market may convey important information about economy-wide factors that is relevant for valuing securities in another market. For example, Evans and Lyons (2002b) expand their single currency model to include multiple currencies and show that order flow in one currency may help to explain returns in another currency. The vector of price changes in their model from one period to the next is given by ∆P t = ∆R t + ΛX t , where ∆R t represents the flow of publicly available macroeconomic information that occurs in the period, X t is the vector of interdealer order flows in the period, and the matrix Λ is a multivariate version of the price impact variable from Kyle' s (1985) model. Evans and Lyons show that as long as customer order flow across currencies is correlated, Λ is non-diagonal and order flow has cross-market return implications. In order to accommodate economy-wide shifts in demand for certain currencies, dealers must take into account trade in other currencies as well in setting prices.
The authors find strong empirical evidence that order flows in some currencies, especially the German mark and Japanese yen, have very significant cross-market effects. For example, in regressions of daily Swiss Franc returns on Swiss Franc order flow, the coefficient estimate for order flow is positive and statistically significant, but the adjusted R 2 is actually negative.
When order flows from eight other currencies are added to the regression, the adjusted R 2 increases to 70%.
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In this paper I test for a similar relation between the stock and bond markets. Here again, shifts in demand in one market may signal marketwide changes in risk aversion, wealth levels, or general beliefs that will affect the interim values of assets in the other market. Alternatively, these shifts in demand may not necessarily signal changes in these characteristics; rather, the shifts may simply be important because traders are uncertain about these characteristics. Regardless of where the uncertainty lies, the decision by investors to move funds in and out of markets is an important signal that should help resolve the uncertainty.
The results show that cross-market order flow is indeed informative about intraday stock and bond returns in some periods. I first examine three one-month periods with distinctly different levels of equity market uncertainty, as indicated by the CBOE's Volatility index (VIX). Common factors of order flow in both the equity and Treasury market are significantly related to returns of individual securities in the other market, even after controlling for order flow in those securities. The strength and direction of this relation varies across the three periods; the low and medium volatility periods are associated with a positive cross-market relation, while the high volatility period is associated with a negative cross-market relation. When futures returns and common factors of own-market order flow are added to the specification, it appears that equity order flow plays a relatively larger cross-3 Danielsson, Payne, and Luo (2002) also find similar empirical evidence in the foreign exchange market regarding the importance of order flow across markets.
market role than does bond order flow. I then provide results showing that the one-month subperiod results hold in general across the entire sample period.
Several recent papers that examine the stock-bond relation are closely related to mine. Connolly, Stivers, and Sun (2003) show that the correlation between daily returns on stocks and bonds varies substantially over the 1986-2000 period. 4 They also find that this variation is related to the general level of uncertainty in the equity market; days of low uncertainty are associated with a positive stock-bond return correlation over the following month, while days of high uncertainty are more likely to be associated with a negative correlation. Fleming, Kirby, and Ostdiek (1998) document informational linkages between the stock, bond, and money markets using daily futures returns. And Chordia, Sarkar, and Subrahmanyam (2003) show that innovations to bid-ask spreads in the stock and bond markets are correlated during the 1990' s. They link this variation in "micro" liquidity to variation in "macro" liquidity through monetary policy and mutual fund flows. I contribute to this literature by examining the importance of order flow in this relation across markets. I show that order flow has timevarying cross-market impacts, and that this time variation seems to be related to "macro" level uncertainty in the economy. The results indicate that increased market-wide uncertainty may lead to greater relevance for order flow in a cross-market framework. The results also provide empirical evidence that "cross-market hedging", as discussed by Connolly, Stivers and Sun (2003) and Fleming, Kirby, and Ostdiek (1998) , is present in certain periods.
This paper is also related to recent work by Anderson, Bollerslev, Diebold, and Vega (2004) and Boyd, Jagganathan, and Hu (2004) , both of which document a stock market reaction to news that differs depending on the state of the economy. They interpret this as a result of the competing cash flow and discount rate effects in valuing equities. My results have similar interpretations, in that the behavior of traders in the financial markets has different implications depending on marketwide uncertainty about economic strength.
Finally, this paper builds on the work of Hasbrouck and Seppi (2001) regarding common factors in order flow. Hasbrouck and Seppi show that the first principal component of order flow in the Dow 30 stocks has incremental power in helping to explain returns of individual stocks. In this paper I show that the information contained in aggregate equity order flow is not only relevant within the stock market, but in the fixed income market as well.
The remainder of the paper is as follows: Section 2 describes the equity and Treasury market data used in the study. Section 3 formalizes the econometric approach used. The results are shown in Section 4, and Section 5 contains concluding remarks.
Data

Stock Data
For the equity market analysis I include the components of the Dow Jones Industrial Jones components. There were several changes to the index during the 1990' s, and companies are eliminated from the sample for a given month if they were added to or deleted from the index in that month. The 38 total companies used in the study are listed in the Appendix, along with the dates in which they are included in the study. For each individual stock in the sample, all trades and quotes from the NYSE TAQ database are collected for the entire period. Once the data is collected, I initially perform a series of checks to remove any erroneous data from the sample.
1. If either the bid or ask price for a given quote is equal to zero, that observation is removed from the sample.
2. If the quote or trade occurs before 9:30 am or after 4:00 pm, the observation is removed.
3. If the absolute spread for a given observation is greater than $5 per share, the observation is removed.
4. For the trade data, all observations are removed in which the trade price is more (less) than 1.5 (0.5) times the last trade price.
For each stock, I then divide each trading day into one minute intervals. The return over an interval is calculated using the midpoint of the last quote in each one minute period.
5 Dow Jones Industrials Average factsheet, 2004.
Next, the net order flow is computed for each interval. To calculate net order flow, trades are first signed as buyer or seller initiated using the Lee and Ready (1991) algorithm. I then calculate net order flow in dollar terms by subtracting net sell volume (in dollars) from net buy volume. Net order flow is also calculated using the net number of trades. The net trade results, however, are qualitatively similar to the net dollar volume results, and as such are omitted from the paper.
For robustness in determining the cross market informational effects of bond market order flow, I also make use of the return on the nearby Standard & Poor' s 500 futures contract from the Chicago Mercantile Exchange. Huang and Stoll (1994) , Hasbrouck (1996) , and Hasbrouck (2003) all show that the S&P futures serve as an important source of price discovery for the equity market. Thus the return on the contract serves as a useful benchmark in helping to determine the importance of cross-market order flow effects from the bond market. 
Bond Data
The data for the U.S. Treasury market is obtained from the GovPX dataset. GovPX maintains tick-by-tick trading data for all interdealer activity involving five of the top six interdealer brokers. From GovPX I retain all trading data for on-the-run Treasury securities for the entire sample. "On-the-run" indicates that a security is newly auctioned and is the most recently issued security in a given maturity class. On-the-run Treasuries are very actively traded and the market is extremely liquid. This choice of securities will be useful in looking for order flow effects related to market-wide factors, since they are less likely to be affected by noisy trading than more seasoned Treasuries. Securities used in the sample are the three month, six month, and one year bills; two, three, five, and ten year notes; and the 30 year bond. 7 Although GovPX reports a small and decreasing fraction of trading in the 30 year bond, it is included here for the sake of completeness.
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For each on-the-run Treasury security, I collect the same information as was collected for equities: the return over the one minute interval, and the net order flow as measured by the net dollar volume. Of note here is the fact that trades do not have to be signed for bonds as was done with equities. The GovPX dataset clearly indicates whether each trade is a "hit"
(sell) or a "take" (buy).
Before calculating the return and net order flow measures, the data is checked for erroneous observations by performing a series of screens:
1. If either a quoted bid price or ask price is equal to zero, the observation is removed from the sample.
2. If a trade price is greater than 125, the trade observation is removed from the sample.
3. If the quoted depth is greater than 1000 units (equal to $1 billion), the observation is removed. Such large depth figures are likely to be unreliable.
4. Finally, all trades and quotes recorded prior to 9:30 a.m. or after 4:00 p.m. are removed from the sample. 7 The three year note is included through July 1998. The last quarterly auction of the three year note during the 1993-2000 period occurred in May 1998, thus it ceased being a normal on-the-run note during August of that year.
The last data screen mentioned is worthy of further discussion in that there are no set trading hours for U.S. Treasury securities. However, Fleming (1997) To check the robustness of any conclusions made concerning the cross-market informational effects of stock order flow on bond returns, I also make use of the return on the relevant Treasury futures contract which is traded on the Chicago Board of Trade. Since the futures pits are an important source of price discovery, including these returns in the analysis will help us make stronger statements regarding any cross-market effects that flow from stocks to bonds. 
Methodology
I follow the methodology of Hasbrouck (1991) , as expanded by Chan, Chung, and Fong (2002) and Tookes (2003) , in modeling the relation between stock and bond trades and quote revisions. Hasbrouck (1991) proposes a bivariate vector autoregression (VAR) of trades and quotes for individual stocks to measure the information content trading:
Where t r is the quote-midpoint return over the interval since the last transaction and t x is the signed volume of the trade occurring at t. Note that this setup varies slightly from a traditional VAR in that the contemporaneous order flow is allowed to enter the return equation. This is based on the assumption that contemporaneous causality runs from trades to quotes, and is well grounded in theoretical models such as Kyle (1985) . Chan, Chung, and Fong (2002) and Tookes (2003) expand this setup to analyze the relation among multiple securities. For example, Chan, Chung, and Fong (2002) use this framework to gauge the information content of stock and option trading with a system of equations including both returns and order flows for calls, puts, and the underlying stock. I use a similar setup including returns and order flows for a single security, and common factors of returns and order flows from the other market. For example, the system below will be used to test for the relevance of a common factor of equity order flow in explaining returns in the five year Treasury note. 
Results
Previous literature (see Connolly, Stivers, and Sun (2003) ) tells us that the relation between daily stock and bond returns varies through time. 11 In periods of relatively high stock market uncertainty (the authors use the CBOE VIX index as a proxy), the correlation between stocks and bonds is more likely to be negative. In periods of lower uncertainty, the correlation between stock and bond returns is much more likely to be positive. I first confirm that the results these authors find on a daily level hold when returns are examined on a minute-by-minute basis. Monthly correlations between the first principal components of stock and bond returns are estimated for the entire period of January 1993 to August 2000. I begin by showing summary statistics concerning returns, order flows, and average trading activity in the stock and bond markets during the three subperiods. Table 1 
Subperiod Results
December 1993
As mentioned earlier, I choose December 1993 as a "low volatility" subperiod. The results here will show a period in which investors in aggregate have relatively low levels of uncertainty, at least as measured by the VIX index. Table 2 In Table 3 , the direction of interest is reversed. Now I ask the question of whether aggregate bond market order flow helps to explain the returns on individual stocks. As mentioned earlier, I will focus on General Electric as a representative stock. This VAR includes the return (in basis points) on GE stock, order flow (in thousands of dollars) in GE stock, the first principal component of returns in on-the-run Treasuries, and the first principal component of net order flow in the on-the-run Treasuries. The general results are similar to those in Table 2 , except that the when we consider the aggregate bond market return (as opposed to the return on the five-year note), it is now positively related to its lagged value.
Of most interest here is the lack of a role for cross-market order flow. Aggregate bond market order flow shows no significant relation to the return on General Electric stock. Thus the results for this period of low uncertainty are mixed; equity order flow is significantly related to bond returns, while bond order flow does not appear to be related to the return of GE stock.
November 1996
November 1996 is chosen as a representative month due to its "average" level of uncertainty. As mentioned earlier, the average closing level of the VIX index during the month was just over 19%. This is approximately equal to the mean and median of the monthly VIX averages over the sample period. Table 4 shows the estimation results from the baseline VAR for five-year note returns for the month of November 1996. The results are similar to those from December 1993, with a few notable exceptions. First, aggregate equity returns are now highly persistent. Most importantly, though, there now seems to be a much stronger role for cross-market informational effects. There is a significant positive relation between five-year note returns and lagged equity returns. There is also a significant positive relation between contemporaneous equity order flow and five-year note returns.
The results for General Electric in Table 5 are similar in nature. GE returns are positively related to lagged bond market returns, and are also positively related to concurrent bond market order flow. There is also some evidence of a negative relation between lagged bond flows and GE returns, although the size of the coefficient is small relative to that for the contemporaneous order flow.
Thus far the results for the two subperiods indicate that the strength of the crossmarket relation varies across time periods. In a period of low volatility or uncertainty such as December 1993, there is some evidence of order flow in the equity market having power to explain returns in the bond market. In a more "average" period such as November 1996, however, there is greater evidence of an informational role for order flow in a cross-market sense. I now turn to a period of great economic uncertainty to determine if the relation is even stronger in such a time.
August 1998
August 1998 witnessed the Russian debt default and a great deal of general turmoil in world financial markets. The month was one of great uncertainty as reflected by the highest monthly VIX average in the sample at over 39%. As such, it provides a natural environment for testing whether the cross-market importance of order flows increases in periods of greater uncertainty concerning economic fundamentals. Table 6 begins by showing the VAR parameter estimates for five-year Treasury note returns. The most interesting results here lie in the importance of the cross-market order terms. First, lagged returns on the equity common factor are significantly related to five-year note returns. In addition, contemporaneous equity order flow is strongly related to Treasury returns. The direction of these relations is quite different from the earlier subperiods. While the direction was positive in 1993 and 1996, it is now decidedly negative.
The results in Table 7 for General Electric stock are similar in nature. GE returns are negatively related to lagged bond returns. There is also the same negative relation between bond order flows and GE returns, although the coefficient on the first lag is now significantly positive. Taken together, these results point to a significant role for cross-market order flow in terms of its ability to explain returns.
Robustness
The subperiod results observed thus far indicate that order flow across the stock and bond markets does help to explain individual security returns. However, the possibility remains that the information contained in cross-market order flow is already captured by variables more closely related to trading in the security of interest. To examine this, I expand the VAR system used earlier to include common factors of own-market order flow as well as the relevant futures returns. For example, the system in equation (2) 
Where futures r represents the return on the five-year futures contract from the CBOT and bond of represents the first principal component of bond market order flow.
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The results of the expanded analysis are shown in Table 8 . Coefficient estimates are only shown for the cross-market order flow term. Panel A shows results for General Electric stock. The coefficient for contemporaneous bond market order flow in December 1993 is 13 The system used for General Electric stock is similar, except that S&P futures returns and a common factor of equity order flow are used.
once again insignificant, as in Table 3 . There is now only marginal significance for the same coefficient estimate in November 1996, with a t-statistic of 1.93 compared to 3.47 in the baseline system. And while the estimate for August 1998 continues to be marginally significant and negative, it is interesting to note the strong positive significance of the estimates for lagged bond order flow. Panel B shows results for the five year note. In the 1993 and 1996 subperiods, the contemporaneous equity order flow remains significant at the 5% level. And in August 1998, the contemporaneous equity order flow is still significant at the one percent level. Taken together, the results indicate that the cross-market role of equity order flow is more robust to the inclusion of futures returns and common factors of order flow. Aggregate order flow in the 30 Dow stocks continues to play a significant role in explaining returns on the five-year Treasury note.
Discussion of Results
The results for the three subperiods presented provide a snapshot of the importance of order flow in a cross-market sense. The major results are:
1. Order flow in the stock and bond markets does serve to aggregate information about market-wide factors that affects the valuation of individual securities.
2. In general, equity order flow is more informative about individual bond returns than bond order flow is about individual stock returns, at least in terms of statistical significance of the VAR parameter estimates. This result is especially true after the inclusion of futures returns and common factors of own-market order flow.
3. The importance of the cross-market order flow term varies through time, and this variation is related to general levels of uncertainty in the equity market as measured by VIX. Moreover, the direction of the cross-market relation also varies across periods, with a positive relation holding in more "calm" periods and a negative relation holding in more "volatile" periods. The second result pertains to the cross-market importance of equity order flow vs.
bond order flow. I find that in all three periods presented equity order flow plays a significant role in explaining five-year note returns. This is robust to the inclusion of bond futures returns and the bond order flow common factor. However, evidence that Treasury order flow helps in explaining returns for General Electric stock is weakened in the presence of S&P futures returns and the equity order flow common factor. Several factors are likely at work here. First, the returns on individual stocks are much more likely to be affected by idiosyncratic factors than are bonds. The results of a monthly principal components analysis for one minute bond and stock returns (not shown) indicate that the first principal component of stock returns explains, on average, about five to ten percent of the variation in Dow stock returns. The first principal component of bond returns, however, typically explains about 30% of the variation in returns. This implies that a variable containing aggregated information is much more likely to be relevant in valuing a Treasury security than an individual stock. If this is the case, then an aggregate return measure for the stock market should be more closely related to bond market order flow than the return on an individual stock. In addition, when futures returns are added to the specifications, it is more likely that the S&P futures are quickly incorporating the information that is in bond order flow. Bond futures, on the other hand, are possibly affected by idiosyncratic factors such as cheapest-todeliver issues and so may leave more room for equity order flow to have strong explanatory power.
As mentioned above, it may be the case that individual equities are less related to the cross-market order flow because their returns are more idiosyncratic. To examine this possibility, Table 9 shows VAR results where the individual security variables are removed and replaced with common factors. That is, the five variables in the VAR are now the first principal components of equity returns, equity order flow, bond returns, bond order flow, and the given futures returns. The results indicate that bond market order flow is much more informative for aggregate equity returns, at least in the last two subperiods, than it is in the GE return regressions. In both cases the coefficient on contemporaneous order flow is significant at the one percent level. Thus the results do indicate that bond market order flow has greater cross-market information content for a stock portfolio than for individual stocks.
I now turn to the third result concerning the variation through time in the importance of the cross-market order flow terms. I find that in periods of greater "uncertainty" (as measured by the level of the CBOE VIX index), order flow has greater information content across markets, at least in terms of significance of the VAR coefficient estimates. From a theoretical standpoint, this is in line with the predictions of models such as Kyle (1985) . In Kyle' s model, is increasing in the uncertainty concerning the terminal value of the asset. In the present scenario, the importance of aggregate cross-market order flow is increasing in the uncertainty surrounding the macro-level factors such as risk preferences and endowments.
While the three subperiods suggest that the results follow this general pattern, I now provide evidence that the same pattern holds throughout the entire 1993-2000 sample and across securities. Table 10 presents the time series correlation between the VIX level for a given month and the sum of the VAR coefficients which measure the importance of crossmarket order flow in explaining security returns. This sum is given by
system given in (2). In most cases, there is a strong and statistically significant negative correlation between the average VIX level and the sum of the coefficient estimates for crossmarket order flow. That is, as the level of uncertainty in the equity market rises, crossmarket order flow is more negatively related to individual security returns. For bonds, the result only holds for the two, five, and ten year notes. For equities, however, the result holds for all of the stocks, with all but two exhibiting a correlation which is significant at the 1% level. The difference across Treasuries is an interesting one. As mentioned earlier, the two, five, and ten year notes are the most frequently quoted and traded Treasuries. The increased sensitivity to equity market uncertainty may be related to their higher volume, and possibly their being dominated by a different group of traders than other Treasuries. Another related explanation is that these Treasury securities share a special link with the equity market.
Given that the average duration of the Lehman Brothers aggregate bond index is between four and five years, it is likely that money flowing into and out of the bond market will have the strongest effect on this area of the yield curve (the strongest negative correlations are for the two and five year notes).
Why does the direction of the relation between cross-market order flow and returns change through time? One likely explanation is that in relatively calm periods (characterized by low to moderate VIX levels) money flowing into (out of) one market indicates increased levels of money flowing into (out of) markets in general. At the same time, there is little uncertainty about aggregate risk aversion, so order flow transmits relatively little information about this characteristic. Consider, however, a period of much higher aggregate uncertainty such as August 1998 and subsequent months. Here order flow in the equity market may contain much more information about the level of risk investors are willing to take on, or about their assessment of the riskiness of stocks. Money flowing out of the equity market indicates investors are leaving risky assets, presumably to place these funds in safe Treasury securities. Note that this argument does not necessarily rely on investors making minute-tominute portfolio rebalancing decisions. It only depends on the assumption that investors in general are making these types of decisions on a regular basis. In aggregate, this behavior will then show up in intraday trading activity.
Conclusions
My results give strong evidence that intraday order flow in a securities market can contain information that is valuable in terms of explaining returns in another market. Using a multivariate VAR with order flows and returns from the stock and bond markets, I find that aggregate order flow in the equity market plays a significant role in explaining individual Treasury returns. Moreover, this result is robust to the inclusion of futures market returns in the VAR specification. In addition, I find evidence that in some periods Treasury order flow does provide information that helps to explain individual stock returns. However, when the return on the nearby S&P futures contract is added to the VAR system, it appears that most of the cross-market order flow information is captured by the futures return series.
These findings have important implications in terms of our understanding of the information in trading activity. Recent research such as Hasbrouck and Seppi (2001) has found that aggregate equity order flow is informative about the returns on individual stocks.
My paper shows that this information in aggregate flows may be relevant across securities markets. Clearly, the cross-market order flow in the stock-bond setting should not be informative in terms of the nominal payoff of an individual asset. However, it may contain valuable information about the interest rate that is used to discount the future cash flows of an asset. Although it adds a level of complexity to theoretical and empirical models, to ignore the importance of trading in another market is to ignore a valuable piece of information concerning this discount rate. 
